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Reliability

 Reliability is defined as the extent to which measurements
can be replicated.

 In other words, it reflects not only degree of correlation but
also agreement between measurements.

 Mathematically, reliability represents a ratio of true
variance over true variance plus error variance.

 As indicated in the calculation, reliability value ranges
between 0 and 1, with values closer to 1 representing
stronger reliability.

 Historically, Pearson correlation coefficient, paired t test,
and Bland-Altman plot have been used to evaluate
reliability.
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Reliability

 However, paired t test and Bland-Altman plot are 
methods for analyzing agreement.

 Pearson correlation coefficient is only a measure of 
correlation, and hence, they are non ideal measures 
of reliability.

 A more desirable measure of reliability should reflect 
both degree of correlation and agreement between 
measurements of continuous data.

 Intraclass correlation coefficient (ICC) is such as an 
index.
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Stop using Pearson r in Reliability in test-retest

 The Pearson r share neither their metric nor 
variance because Pearson’s r simply does not 
measure agreement because it is completely 
insensitive to changes in scale.

 Pearson r measures the strength of a linear relation 
between two variables, not the agreement between 
them.

 We will have perfect agreement only if the points lie 
along the line of equality, but we will have perfect 
correlation if the points lie along any straight line.
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Agreement VS Correlation

Perfect Agreement Perfect Correlation
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Why Confused ICC with Pearson r

 The Pearson r is readily available and much easier to 
understand.

 A second, but much more subtle  reason is that some 
research scientists have applied the Pearson r and an 
appropriate model of the ICC to the same data set and 
have obtained very similar results. When there is, in fact, 
a high level of agreement between any given pair of 
raters, the r Pearson and an appropriate model of the ICC 
will indeed produce similar results. 

 The point here is that, the r Pearson simply measures the 
extent to which pairs of raters’ scores vary in the same 
order, not the extent to which the raters’ individual 
scores actually disagree with each other.
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Definitions of Different Types of Reliability based 
on the study design

 Interrater reliability, It reflects the variation between 
2 or more raters who measure the same group of 
subjects.

 Test-retest reliability, It reflects the variation in 
measurements taken by an instrument on the same 
subject under the same conditions. It is generally 
indicative of reliability in situations when raters are not 
involved or rater effect is neglectable, such as self-report 
survey instrument.

 Intrarater reliability,  It reflects the variation of data 
measured by 1 rater across 2 or more trials.

 Issues regarding internal consistency are not addressed 
here.
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Literature Review

 Intra class correlation coefficient was first introduced by 
Fisher in 1954 as a modification of Pearson correlation 
coefficient.

 Shrout and Fleiss 1979,  defined six different formulas for 
calculating the ICC which depend on the purpose of the study, 
the design of the study and type of measurements taken. The 
first number designates the “model” (1-way/ 2-way), and the 
second number designates the “Form” (single rater / average 
raters measurements), 

 McGraw and Wong 1996,  defined 10 forms of ICC based 
on the “Model” , the “Form” and the “Definition” of 
relationship considered to be important (consistency / 
absolute agreement).

 SPSS provides easy to use tools to measure the ICCs, but the ICCs 
employed by SPSS is based on McGraw and Wong (1996)
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“Models” of the ICC (Shrout and Fleiss)

 Model 1 – each subject is assessed by a different set 
of randomly selected raters. This is rare in reliability 
studies. 1-way random effects

 Model 2 – each subject is assessed by each rater, and 
raters have been randomly selected. 2-way random 
effects

 Model 3 – each subject is assessed by each rater, but 
the raters are the only raters of interest. 2-way mixed 
effects
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“Forms” of the ICC (Shrout and Fleiss) 

 The form reflects whether the reliability is to be 
calculated on a single measurement or by taking the 
average of 2 or more measurements taken by 
different raters. In most cases, the form will be 1, 
however if you want to test whether taking an 
average of 2 raters’ scores improves reliability, you 
might use form 2,3,4,etc.

 Single measurement = 1

 Average of 2 measurements = 2 

 Average of 3 measurements =3

Dr M.Rahimzadeh

11



ICC type Description (Shrout and Fleiss )

 ICC(1,1) Each subject is assessed by a different set of randomly 
selected raters, and the reliability is calculated from a single 
measurement. Uncommonly used in clinical reliability studies. 

 ICC(1,k) As above, but reliability is calculated by taking an 
average of the k raters’ measurements. 

 ICC(2,1) Each subject is measured by each rater, and raters are 
considered representative of a larger population of similar raters. 
Reliability calculated from a single measurement. 

 ICC(2,k) As above, but reliability is calculated by taking an 
average of the k raters’ measurements. 

 ICC(3,1) Each subject is assessed by each rater, but the raters are 
the only raters of interest. Reliability calculated from a single 
measurement. 

 ICC(3,k) As above, but reliability is calculated by taking an 
average of the k raters’ measurements.Dr M.Rahimzadeh
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Summary ICC type of Shrout and Fleiss 

 ICC(1,1) One-way random, single measure

 ICC(1,k) One-way random, average measure 

 ICC(2,1) Two-way random, single measure 

 ICC(2,k) Two-way random, average measure

 ICC(3,1) Two-way mixed, single measure 

 ICC(3,k) Two-way mixed, average measure

 As a general rule, for the vast majority of 
applications, only 1 of S&F’s ICCs [ICC(2,1)] is 
needed.
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Single OR Average Agreement

 Two lots of ICC data are produced: one for the single 
measure, and one for the average measure. You 
decide which one to document based on the “form” 
of the ICC (whether you take a single measure or 
whether you average the measurements from 
multiple raters). 

 Though it may be tempting to document the average 
measure (as it will be a better ICC), this is cheating 
unless you have decided a priori to use an average.

 In most cases, you will be using a single measure 
anyway.
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Consistency OR Absolute Agreement (McGraw and Wong )

 For both 2-way random and mixed-effects models, there are 2 
ICC definitions: “absolute agreement” and “consistency.” 

 Selection of the ICC definition depends on whether we consider 
absolute agreement or consistency between raters to be more 
important. 

 Absolute agreement concerns if different raters assign the same 
score to the same subject.

 Conversely, consistency definition concerns if raters’ scores to 
the same group of subjects are correlated in an additive manner.

 Consider an interrater reliability study of 2 raters as an example. 
In this case, consistency definition concerns the degree to which 
one rater’s score (y) can be equated to another rater’s score (x) 
plus a systematic error (c) (ie, y = x + c), whereas absolute 
agreement concerns about the extent to which y equals x.
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Interpretation

 A low ICC could not only reflect the low degree of rater or 
measurement agreement but also relate to the lack of 
variability among the sampled subjects, the small 
number of subjects, and the small number of raters being 
tested. 

 As a rule of thumb, researchers should try to obtain at 
least 30 heterogeneous samples and involve at least 3 
raters whenever possible when conducting a reliability 
study.

 Under such conditions, we suggest that ICC values less 
than 0.5 are indicative of poor reliability, values between 
0.5 and 0.75 indicate  moderate reliability, values 
between 0.75 and 0.9 indicate good reliability, and values 
greater than 0.90 indicate excellent reliability.
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How to Select the Correct ICC Form for 
Interrater Reliability Studies

 Selection of the correct ICC form for interrater reliability 
study can be guided by 4 questions:

 (1) Do we have the same set of raters for all subjects? 

 (2) Do we have a sample of raters randomly selected 
from a larger population or a specific sample of raters? 

 (3) Are we interested in the reliability of single rater or 
the mean value of multiple raters?

 (4) Do we concern about consistency or agreement? 

 The first 2 questions guide the “Model” selection, 
question 3 guides the “Type” selection, 

 and the last question guides the “Definition” selection.

Dr M.Rahimzadeh

17



How to Select the Correct ICC Form for Test-
Retest and Intrarater Reliability Studies

 Compared with inter rater reliability, the ICC selection 
process of the test-retest and intra rater reliability is more 
straightforward. The only question to ask is whether the 
actual application will be based on a single measurement or 
the mean of multiple measurements.

 As for the “Model” selection, Shrout and Fleiss suggest that 2-
way mixed-effects model is appropriate for testing intrarater
reliability with multiple scores from the same rater, as it is not 
reasonable to generalize one rater’s scores to a larger 
population of raters.

 Similarly, 2-way mixed-effects model should also be used in 
test-retest reliability study because repeated measurements 
cannot be regarded as randomized samples.

 In addition, absolute agreement definition should always be 
chosen for both test-retest and intrarater reliability studies 
because measurements would be meaningless if there is no 
agreement between repeated measurements.
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Selection of an appropriate ICC
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ICC Characteristics
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ICC Characteristics
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ICC Characteristics
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ICC Characteristics

 (1) If the data sets are identical, all ICC estimates will equal to 1. 

 (2) Generally speaking, ICC of the “mean of k raters” type is 
larger than the corresponding “single rater” type.

 (3) The “absolute agreement” definition generally gives a smaller 
ICC estimate than the “consistency”  definition.

 (4) One-way random-effects model generally gives a smaller ICC 
estimate than the 2-way models.

 (5) For the same ICC definition (eg absolute agreement), ICC 
estimates of both the 2-way random- and mixed-effects models 
are the same because they use the same formula to calculate the 
ICC (Table 3). This brings up an important fact that the 
difference between 2-way random- and mixed-effects models is 
not on the calculation but on the experimental design of the 
reliability study and the interpretation of the results.
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More detail

 Two way random or mixed Single measure, 
consistency have the same formoula (2,4)

 Two way random or mixed Single measure, absolute 
agreement have the same formoula (3,5)

 Two way random or mixed Multiple measure, 
consistency have the same formoula (7,9) .

 Two way random or mixed Average measure 
consistency= Cronbach’s alpha

 Two way random or mixed Multiple measure, 
absolute agreement have the same formoula (8,10)
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How to Report ICC

 There is currently a lack of standard for reporting 
ICC in the clinical research community. 

 Given that different forms of ICC involve distinct 
assumptions in their calculation and will lead to 
different interpretations, it is imperative for 
researchers to report detailed information about 
their ICC estimates.

 The best practice of reporting ICC should include the 
following items: software information, “Model,” 
“Type,” and “Definition” selections. In addition, both 
ICC estimates and their 95% confidence intervals 
should be reported.
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Drawback of ICC

 The ICC is supported by the analysis of variance 
(ANOVA) .

 The main limitation of this method resides in its strong 
dependence on the variance of the assessed  population. 
Higher ICC values may, thus, be obtained when applied 
to a more heterogeneous population as compared with a 
more homogeneous one despite similar levels of 
agreement .

 Consequently, the ICC values cannot be said to translate 
an absolute level of agreement, and the cutoff value of 
0.75, proposed by Burdock et al. to signify good 
agreement
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Example:  Depression Ratings
(Inter rater reliability)

Patients Nurse1 Nurse2 Nurse3 Nurse4

1 9 2 5 8

2 6 1 3 2

3 8 4 6 8

4 7 1 2 6

5 10 5 6 9

6 6 2 4 7

4 nurses rate 6 patients on a 10 point scale



Enter data into SPSS
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Find the Reliability Analysis
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Select Raters
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Choose Analysis
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SPSS OUT PUT
Absolute Agreement

Consistency
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